A The results presented also imply that agriculture in Japan has increased its impact on the natural environment through an increased use of fossil fuel energy.
Introduction
One of the essential purposes of agriculture is that of producing food and basic materials for human activities by utilizing solar energy efficiently. However, farmers use chemical fer tilizers, pesticides and other industrial products in order to gain a higher economic return. Cap ital intensive agriculture often results in in efficiencies from the point of view ecology and energy balance.
In fact, Odum (1971) asserts that, in developed countries in particular, fossil fuel energy fixed in industrial products diminishes the efficiency of agriculture. Examining agricultural efficiency in terms of the energy balance is a first step in practicing low-input sustainable agriculture, which will eventually provide aid in finding a solution to environmental problems such as the exploita tion of natural resources (Gibbon et al. 1995) . This study demonstrates a method of calculat ing the input-output energy ratio for crops and examines the energy efficiency of crop produc tion based on recent Japanese data using the input-output energy ratio.
The input-output energy ratio, which is cal culated by input fossil fuel energy and output food energy, has been used as an index to show the efficiency of agriculture (Lockeretz 1977) . In particular, it has been used to explain the ineffectiveness of agriculture in modern society (Bayliss-Smith 1982; Yamamoto 1994) . For in stance, input-output energy ratio is of the order of 1.5 in wheat production of the United States in the mid-1970s (Briggle 1980) , while it is 16.5 in the slash and burn fields in New Guinea (Rappaport 1971) . The latter value means the traditional crop production gains 16.5kJ output energy per 1kJ input energy, in other words, it is about 12 times more efficient than the exam ple given of industrial crop production.
The decline of energy efficiency is attributed to the increased use of industrial products such as oils, fertilizers and herbicides. Farmers prac tice agriculture with the industrial products that are converted from fossil fuels. Because of the increasing usage of industrial products, in put-output energy ratio for corn production in the United States has declined from 5.8 in 1910 to 2.9 in 1985 ). Even though farmers keep producing the same crop in the same site, input-output energy ratio changes due to the an increased use of industri al products.
The value of input-output energy ratio is de termined not only by the input of fossil fuel energy, but also by the kind of crops. Input output energy ratio for corn production in Cal ifornia was 3.5 in 1975 (Pimentel and Burgess 1980) , whereas the ratio for cantaloupe produc tion in San Joaquin Valley, California, was 0.1 in 1976 (Johnson and Chancellor 1980) . Grain and potatoes contain more food energy than vegetables and fruit due to the amount of the sugar dextrose that varies among crops.
The analysis of input-output energy ratio for plants was originally developed in ecological studies, and following this, agricultural ener getics was established as a discipline in its own right in the United States. Many of the studies focused on a single crop or several selected crops in a region in a particular year as they tried to estimate the precise value of energy flow. However, it is difficult to understand the precise energy flow in a complex agricultural system. The energetic analysis always has to contend with complicated variables and defini tions, such as the system boundary and the energy conversion of the body's metabolism, on which researchers have expressed opinions in many ways (Jones 1989) . All values of the input-output energy ratio are "best presump tions" as Pimentel (1980) mentioned.
If the input-output energy ratio is used as an index of regional crop production, we should consider that various crops are cultivated in agricultural regions. In order to examine the change in energy efficiency of regional crop production, it is necessary to calculate the in put-output energy ratio for all crops over sever al years.
This study devises a simplified method, of calculating input-output energy ratio for all crops so as to resolve the problems encountered.
Since the early 1970s, the late period of high economic growth, set-aside programs in paddy rice sector were only undertaken in Japan.
While the planted area of paddy rice and other grain decreased during this period, the horticul tural sector was boosted by a favorable agricul tural policy (Ito 1997) . It is indispensable to horticultural farms that they introduce new in dustrial products one after another to sustain their productivity (Nihei 1998) . It is therefore to be expected that Japanese crop production's energy efficiency has declined in the period .
Crop Systems Energy flow
The energy flow in agricultural systems is varied and complicated. The definition of agri cultural systems and the energy flow is dis cussed below.
Individual croplands are considered to be one of the basic elements of regional agricultural systems. The subsystems are defined as crop systems (Loomis and Connor 1992) . Crop sys tems consist of not only crops and croplands but also of resources and cultivation method, e. g. nutrients, water, plowing and crop rotation . Farmers choose and control these elements through decision making.
Crop systems are open systems that exchange energy with the outside.
The input energy of the crop system is divid ed into two types, namely, primary input energy and secondary input energy (Figure 1 ). Primary input energy is directly taken up by crops, e. g. solar energy, water and nutrients. Seed and seedlings are also considered as pri mary input energy as they contain an intrinsic amount of nourishment.
Although some prima ry energy such as oversupplied nutrients will be consumed in the next crop year, the substitu tion of primary input energy is impossible. Secondary input energy is not incorporated into the plant body and is mutually exchangea ble to a certain extent by human and animal labor, agricultural machines and agricultural chemicals (Van Ittersum and Rabbinge 1997) . Labor and industrial products are consumed in croplands in order to improve productivity per planted area and per hour.
Those kinds of energy are regarded as "heat sink" in crop sys tems. The output energy of the crop system is also divided into two types, namely, primary output energy and secondary output energy. Primary output energy is fixed in harvested crops, and can also be divided into edible and inedible energy.
The primary output energy is con sumed as food and basic materials in other in dustries. In particular, food and fibers are im portant productions in the sense of carrying human metabolism.
The secondary output energy is that of wasteful yields, and is consid ered as the energy emission that is not used as a part of economic activities.
This study pays attention to a part of prima ry and secondary input energy, and a part of primary output energy. The former is the fossil fuel energy that is calculated using monetary exchange.
Because the fossil fuel energy fixed in industrial products flows in the opposite di rection to monetary input, the amount of the energy can be estimated from the production cost (Odum and Odum 1976 .) The later is food energy, which can be counted directly from calories in the edible part of crops.
Input energy
Though crop systems are considered as open systems, 2 input-output energy ratio is often over 1.0 because not all of the input energy is counted. A detailed explanation of the types of input energy, and the definition of the input energy is required. This is something that this study hopes to address. Solar energy is a fundamental input energy in the sense that plants convert it to dextrose, and then construct carbohydrates, proteins, lipids, vitamins and other compounds. Howev er, the calculation of input-output energy ratio often omits solar energy. One reason is that the estimation of photosynthesis rate is a compli cated procedure. Photosynthesis rate differs by the kind of plant, temperature and relative in tensity of light. It is known that C4 (dicarboxylic acid cycle) plants such as gramineous crops have the highest gross photosynthesis rate (Krebs 1972; Phillipson 1966) . However, since solar energy is also fixed in the inedible part of yields, photosynthesis rate is not always directly proportional to output food energy.
The other reason for the omission is that solar energy is so great.
If the whole solar energy that reached the earth's surface were taken into account, all other energy would be so small as to be insignificant. Annual solar radia tion amounts to as much as about 4.2million MJ per 10a in Tokyo (National Astronomical Observatory 1996) . Although this is an ex treme case, only 0.19 percent of the solar energy will be fixed to paddy rice as food energy.
To isolate the impact of fossil fuel energy on crop production, the amount of solar energy and photosynthesis rates are removed from the calculation of energy efficiency of crop production.
Seeds and seedlings are planted to harvest in cropland, so they are considered to be a sub system of the crop system. Seeds and seedlings contain an intrinsic amount of energy originat ing from solar energy.
Though this natural energy is omitted in this study, the fossil fuel energy consumed in the production and ship ment can be estimated from the production cost of seeds and seedlings. Most farmers in modern day Japan purchase seeds and seedlings from nursery companies and agricultural coopera tives. In this sense, the energy of seeds and seedlings can be counted as industrial products.
The fossil fuel energy of water use was calcu lated using the construction fees of waterways and the maintenance fee of irrigation systems (Yoshino 1980) . However, the energy of water use is linked to several types of energy, such as industrial product and human labor. This study excludes such complicated energy use from the calculation of input-output energy ratio.
Nutrients are also an indispensable source for crops. Plants can synthesize proteins with the nitrogen absorbed from their roots. As in the case for seeds and seedlings, this study regards nutrients as industrial products, and calculates the fossil fuel energy included in the products from the production cost of fertilizers.
Other industrial products such as fossil fuel, machines and chemicals are the indices that clearly characterize the energy efficiency of modern agriculture. The energy of the industri al products is estimated from the amount of the fossil fuel energy that is used in manufacturing the products. The figures for the conversion of fossil fuel are used to calculate the energy needed for the mechanical workload by agricul tural machines.
The energy of human and animal labor should be considered in self-sufficient agricul ture along with the small energy input originat ing from industrial products. There are practi cally no draft animals in Japan. The energy of human labor relates to the living standard of society (Giampietro et al. 1993) .
A person depends not only on the food energy, which amounts about 10MJ (2,400kcal) per day, but also to a great extent on the energy that is taken up in the manufacture of clothes, house hold goods, cars etc. A worker engaged in an agricultural activity in the United States con sumes 594MJ during a day (Fluck 1981) . The estimation by Giampietro and Pimentel (1990) shows that agricultural manpower in the United States can be converted into 151MJ/ hour. However, since the energy of human labor differs among individuals (age and sex), these figures should be avoided in the calcula tion of input-output energy ratio. Jones (1989) suggests that human power should be treated in a similar way to other indices such as work ing hours.
Energy Efficiency in Crop Production Unit Energy intensity of fossil fuel
This study regards fossil fuel energy fixed in the industrial products that are purchased out side the farm as the input energy to crop sys tems.
The procedure for calculating input energy requires three steps, (1) energy intensity of fossil fuel, (2) energy intensity of industrial products, (3) energy intensity of agricultural materials.
Energy intensity is the unit that tells us the amount of energy per production cost (J/yen.) It is calculated from dividing whole input energy (or the calorific value of products) by the total production costs. The energy intensity of fossil fuel is obtained by (1) where ƒ¿j is the energy intensity of fossil fuel j (J/yen), X is the domestic production cost of (1985, 1995) , the Agency of Natural Resources and Energy (1991), the Ministry of International Trade and Industry 1977 , 1981 , 1986 , 1991 (1977, 1981, 1986, 1991) , and for production it is Management and Coordination Agency (1985, 1995 The energy intensity of fossil fuel decreased after the petroleum price rise following the oil crisis in 1973.
Energy intensity of industrial products
The calculation of the energy intensity of industrial products demands an input-output analysis. Input-output analysis, which analyzes money flow between columns in input-output tables, has been used to estimate the future economic structure of a particular system (Leontief 1951) . It can also be applied to energy flow in input-output tables (Krenz 1974) . The input-output analysis of energy flow was origi nally developed by Bullard and Herendeen (1975) : (2) where ƒÁjXj is the total energy output of product The energy intensity of agricultural materials is equivalent to the energy intensity in the production of agricul tural machines and other specialized industrial machinery.
The accounting of fuel, light, heat and power in the Production Cost of Crops usually consists of accounting for the petroleum and electric power for operating agricultural machines. Therefore, the energy intensity of petroleum refinery products is applied to the former, and the energy intensity of electric power for enter prise use is applied to the later. The energy intensities of open-field crops and greenhouse crops are estimated separately.
The data for paddy rice is applied to the former, and the data of model greenhouses 8 is applied to the latter. The results of the calculation are shown in Table 3 . Both the cost and energy used in greenhouse crops amount to about 82 times those used in the open-field crops. However, the energy intensity is determined by the percent ages of petroleum and electric power used. Be cause the percentage of petroleum used in greenhouse crops is a little higher, the figures a Column code of fossil fuel and industrial products in 1980-1985-1990 Linked Input-Output Tables   Data source: Tables 1 and 2 , the Ministry of Agriculture, Forestry and Fisheries (1992c), author's field survey. Following the procedures described above, the energy intensity of agricultural materials for two decades is obtained as shown in Table 4 . 9 Fuel and power (fuel, light, heat and power), which gains energy input directly from fossil fuels, shows the highest energy intensity (716 and 729kJ/yen in 1990). Fertilizers and seeds, whose energy intensity amounts to 86 and 32kJ/yen in 1990 respectively, can be categorized as having the second largest energy intensity.
However, the energy intensity is only one eighth to one twenty second the figure for the energy intensity of fuel and power. Other agricultural materials show small energy intensity (2 to 4kJ/yen in 1990). Therefore, it can be concluded that the production cost of (1972a, b, c, d, 1976a, 1977a, b, c) , and the Min istry of Agriculture, Forestry and Fisheries (1982a , b, c, d, 1987a , b, c, d, 1992a even in winter by burning C heavy oil (Nihei 1998) . Another reason for this low efficiency is the small output of food energy (7GJ/10a). Al though the average weight of harvested crops in greenhouses amounts to 15 ton, which is about 22 times heavier than the weight of paddy rice, it results in a lower energy output. For instance, the calorific value of 100g of cu cumber is no more than 46kJ since water occupies 96 percent of the mass.
Open-field vegetables and fruit, whose aver age input-output energy ratio is between 0.6 and 0.7 respectively, could be categorized as being low efficiency crops. Their respective input energies are of the order of 7 to 8GJ/10a on average.
Most of the input energy is supplied from fuel and power (4 and 5GJ/10a) and fertilizer (2 and 3GJ/10a).
The output energy of those crops is of the order of 5GJ/10a on average, though this differs depending on the types of crops cultivated.
Onion and egg plant have a large output energy (9 and 7GJ/ 10a), whereas lettuce and spinach have a rela tively small output energy (1 and 2GJ/10a).
Grain and beans, whose respective input output energy ratio is between 3.1 and 2.8 on average, could be categorized as being medium efficiency crops.
The input energy of those crops amounts to 2GJ/10a on average. Here, most of the input energy is also supplied from fuel and power (1GJ/10a) and fertilizer (1GJ/10 a). The output energy of these crops amounts to 5 and 3GJ/10a on average. Except for paddy rice and wheat, which contain 5 to 8 GJ output energy per 10a, other grain and beans have a low output energy (2 to 4GJ/10a).
Potatoes, whose input-output energy ratio is 6.8 on average, could be categorized as high efficiency crops. The input energy of potatoes amounts to 2GJ/10a on average, and the energy supplied is similar to that of medium efficiency crops. However, potatoes show the largest output energy (14GJ/10a). Because potatoes are the most effective crops at produc ing food energy, they were widely cultivated in periods of starvation, e. g. crop failures in the Edo period and during the aftermath of World War II.
The results of calculating input-output energy ratio for 32 crops from 1970 to 1985 are tion in Japan, 1970-1990 35 , 1970-1990 37 shown in Table 6 . Each crop shows few differ ences in the amount of input and output energy in two decades, though the energy intensity of agricultural materials varies to a greater extent as mentioned above. The average of input output energy ratio for all crops is 0.3 in all calculated years. The average energy input for all crops increased from 18 to 21GJ/10a, and the average of all production cost increased from 50 to 162 thousand yen/10a in two decades.
The total production cost has in creased by 3.2 times in the time period, whereas the input energy has only increased by 1.2 times. Energy is therefore useful as an index since it is not influenced to a great extent by monetary inflation rate.
Energy Efficiency in Regional
Crop Production
From the results of the calculation for crop production unit, this study defines the input output energy ratio of regional crop production as Tables 5 and 6 , the Ministry of Agriculture and Forestry (1971, 1976b) , the Ministry of Agriculture, Forestry and Fisheries (1981 , 1986 , 1991 .
(2) If the same crops are grown, the amount of input and output energy is uniform in all places. The amount of input-output energy is calculated not by each region but for the aver age in Japan. To improve the accuracy, it is necessary to use the production cost of crops in each place.
The equation can be applied at various scales of agricultural regions. The calculation for country level is applied first. The results show that the input-output energy ratio of crop pro duction changed from 2.0 in 1970 to 1.2 in 1990. 13 In other words, the energy efficiency of Japanese crop production degraded by 60 percent over two decades.
The degradation of energy efficiency could be attributed to a change in the planted area, since the input-output energy ratio of crop produc Agriculture and Forestry (1972a , b, c, d, 1976a , 1977a , the Ministry of Agriculture, tion unit didn't change to a great extent. The crops whose planted area changed to a greater extent over twenty years are paddy rice, potatoes and greenhouse vegetables ( , 1970 , 39 production unit in Japan, 1970 , -1985 input) Forestry and Fisheries (1982a, b, c, d, 1987a, b, c, d) , Science and Technology Agency (1982 Agriculture and Forestry (1971 , 1976b) , the Ministry of Agriculture, Forestry and Fisheries (1981 , 1986 , 1991 . sumption means that the crop that shows the highest value of input-output energy ratio in 1990 exerts the greatest influence on the degra dation. If the planted area of paddy rice is fixed at the 1970 level (3million hectares), the input output energy ratio becomes 1.4 in 1990 as shown in Figure 2 . If the planted area of potatoes is fixed at the 1970 level (248thou sand hectares), the input-output energy ratio becomes 1.3 in 1990. In the same way, if the planted area of greenhouse vegetables were not changed (9thousand hectares), the input output energy ratio would become 1.8. There fore, the main cause of the degradation of energy efficiency can be attributed to the in crease in the planted area of greenhouse vegeta bles. From the results of the calculation in this study, we see that the whole input energy of greenhouse vegetables in 1990 amounts to 0.8 PJ, about 44 percent of all the input energy of crop production.
The equation is applied at the prefectural level next. The numerical value of the ratio can be classified into half and multiple numbers, namely, 0.5, 1.0, 2.0 and 3.0, as shown in Figure  3 .14 The input-output energy ratios of all pre fectures in 1970 varied from 1.0 to 3.1. The highest input-output energy ratio was 3.1 of Kagoshima prefecture, which had a large per centage of the planted area of potatoes.
The planted area of sweet potatoes in the prefecture amounted to 41thousand hectares, accounting for 31 percent of all crops cultivated in the prefecture. The percentage was about six times as large as the average for all prefectures.
The input-output energy ratios of prefectures in 1990 varied from 0.2 to 2.3. The 14 prefec tures whose figures varied from 0.5 to 1.0 were located to the south of Kanto region.
The planted area of open-field vegetables and fruit occupied 41 percent of all crops in the prefec tures on average (Table 8 ). The prefectures that gave results of less than 0.5 were Kochi (0.3), Kumamoto (0.4) and Okinawa (0.2) in the south western part of Japan.
The planted area of greenhouse vegetables in the three prefectures productions. An increase in greenhouse horticulture after the 1970s is probably due to the high economic return that such cultivation entails. A case study of greenhouse horticulture in Asahi-city showed that cucumber production in green houses produced sales of 4million yen per 10a, which was about 28 times larger than that of paddy rice production (Nihei 1998) . The in creasing modernization of horticultural farms has brought about the steady introduction of new equipment and technology. Conversion to more modern methods has been the best way to sustain the management of industrial agricul ture.
The amount of output food energy, i.e. the calorific value, could be used as another index to examine the value of crop production. Al though the planted area of vegetables and fruit has remained roughly constant, the planted area of paddy rice, other grain and potatoes, which yield high food energy, has decreased over two decades. Consequently, the crop pro duction of Japan has also degraded in terms of output energy.
Assuming that a person re quires 10MJ food energy per day, all crops harvested in 1970 could have supported 80 mil lion persons for one year, however, this number fell to 59million in 1990. 15 Apart from producing calorific value, produc ing vitamins and protein can also be advanta geous for modern farming in Japan. Green house horticulture, which recently increased in planted area, is probably the best method of obtaining such benefits. However, these methods often disregard the natural growth of crops through the control of harvest seasons. The winter vegetables produced in greenhouses by burning fossil fuel are probably the most "expensive" in terms of their ecological impact .
Conclusion
Agriculture in industrial countries has been shown to have a significant ecological impact because of the large input of fossil fuel energy. This study presents a method of calculating the input-output energy ratio and examines changes in the energy efficiency of crop produc tion in Japan from 1970 to 1990. The input output energy ratio for each cropland unit is calculated by combining the input-output anal ysis and process analysis. The results at the country level show that the input-output energy ratio of Japanese crop pro duction declined from 2.0 to 1.2 in two decades. With regard to cropland unit, the average in put-output energy ratio did not change significantly. Energy and monetary currency have different values, therefore the energy in tensity of agricultural materials used in crop land fell as energy's cost increased following the oil crisis in the early 1970s.
The decline of energy efficiency of crop pro duction can therefore be attributed to a conver sion in the crops planted and not to an increase in fossil fuel energy fixed in agricultural materi als. The primary cause of this decline is due to an increase of 40thousand hectares in the planted area of greenhouse vegetables, whose input-output energy ratio is 0.02-0.07. The sec ondary cause is in the decline by 1million hectares in the planted area of paddy rice, whose input-output energy ratio is 2.5-3.1. The results at the prefectural level also show that the increase in greenhouse horticulture has led to a degradation of energy efficiency. The input-output energy ratios in Kochi, Kumamoto and Okinawa prefectures are less than 0.5, significantly lower than for the rest of the coun try. The percentage of planted area of green house vegetables in the three prefectures is more than three times larger than that for the average of all prefectures.
Fossil fuel energy, fixed in industrial prod ucts such as fuel and agricultural chemicals, is used in croplands to promote the natural growth of crops, resulting in a large impact on the natural conditions of cropland.
The in crease of greenhouse horticulture, which re quires a great deal of fossil fuel energy, entails an increase in the impact on the natural envi ronment.
Nonetheless, it is important to recognize that crops are not grown for their calorific value alone and that it can be advantageous for Japa nese producers within a socioeconomic context to produce crops that do not always try to maximize the calorific value. Needless to say, the results of this study do not suggest that only potatoes and grain should be cultivated. However it is of some use to know the energetic value of crop production to seek the best utili zation of fossil fuel energy. (1977, 1981, 1986, 1991) (1): coking coal, boiler coal, anthracite, lignite, (2): crude petroleum, (3): natural gas (domestic only), NGL (imported only), (4): gasoline, naphtha, jet fuel oil (domestic only), kerosene, gas oil, heavy oil, lubricating oil, LPG, (5): coke (domestic only). The figures for lignite are not available for the years 1970, 1985 and 1990 . The calorific value of heavy oil used is substituted by that for C heavy oil. 4. Japan's total energy supply has increased from 13PJ in 1970 to 19PJ in 1990 (The Agency of Natural Resources and Energy 1991). Since stock changes and statistical differences are not counted in this study, the total output energy shows a larger number. 5. The former study (Resource Council, Science and Technology Agency, Japan 1979) took into account not only the direct input energy but also indirect input energy such as primary and secondary (i.e. indirect) input energy. However, the evenness process is used for calculating the indirect input energy. Namely, the energy in tensity of industrial products will be the same if all sources of indirect energy are taken into account. Counting only direct input energy is simple and may be the best way to estimate the direct impact of fossil fuel energy on the pro duction of agricultural materials.
6. Data on six industrial products are required to calculate the input-output energy ratio of crop production. Some product names differ be tween the two input-output tables. Synthetic resins are "plastic," other specialized industrial machinery is termed "industrial machinery," electric power for enterprise use is termed "electric power supply ," and chemical fertilizers and agricultural chemicals are included in "chemical manure and pesticides" in the 1970 -1975-1980 Linked Input-Output Tables. The calculation of the industrial products excludes imported products. It is impossible to estimate the energy intensity of imported industrial pro ducts by means of input-output analysis as the data do not exist. According to the 1980-1985 -1990 Linked Input-Output Tables, the ratios of imported products in 1990 was 7 percent for chemical fertilizers, 5 percent for synthetic resin, 39 percent for agricultural chemicals, 7 percent for other machinery and 0 percent for the electric power used by enterprises. There fore, if imported agricultural chemicals are used in crop productions, their energy in tensities are assumed to be the same as domes tic ones. 7. There are 13 classifications of production cost in the Production Cost of Crops. Other than the six agricultural materials, this includes (1) mis cellaneous materials, (2) water utilization, (3) rent and charge, (4) buildings and facilities for land improvement, (5) depreciation of mature orchard, (6) draught animals and (7) labor. 8. The data for greenhouses is obtained from the author's field survey in Asahi City, Chiba pre fecture.
9. The percentage of production cost in fuel, light, heat and power, and horticultural facilities from 1970 to 1985 is substituted by the per centage for 1990. 10. A typical study of process analysis conducted by Chapman (1975) who examined the energy use in nuclear power stations. A calculation of input-output energy ratio of crop production by means of process analysis was first con ducted by Resources Council, Science and Technology Agency, Japan (1979) . The study counted 12 sections of production cost, exclud ing labor, in the Production Cost of Crops. This study excludes 7 sections of production cost because of the vagueness in their definition for the input energy of the crop system. The exclu sions prevent the overestimation of energy use in crop production. 11. Self-supplied agricultural materials are ex cluded from the calculation.
Since this study uses the production cost listed in the Production Cost of Crops, detailed agricultural materials are neglected.
Nonetheless, this simplified method is acceptable in a consistent calculation of many crops over many years. 12. The data for the output energy of crops is obtained from Science and Technology Agency (1982). 13. The data for the planted area of crops is ob tained from the Ministry of Agriculture and Forestry (1971, 1976b) , the Ministry of Agricultute, Forestry and Fisheries (1981 , 1986 , 1991 . Input and output energy for some crops in the data are substituted; (1) upland rice and miscellaneous cereals for the average of grain, (2) barley and naked barley for six-row barley, (3) other beans, chestnuts and Japanese apricots for average of beans, (4) 
persimmons and other fruit for the average of fruit. The planted area of greenhouse vegetables includes green house fruit. 14. The relationship between the planted area of crops and the solutions of the equation (4) is complicated. This study defines the boundary of the values of input-output energy ratio in a simple way. Analyzing the solutions of the equation will be ground for future work. 15. Not only crops, but also stock farming and fishery supplies food energy. The degree of calorific self-sufficiency in Japan fell from 53 percent in 1970 to 47 percent in 1990 (The Ministry of Agriculture, Forestry and Fisheries 1992e).
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